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Original article

Treatment of a patent ductus arteriosus

in premature infants

Summary

Background. Patent ductus arteriosus
in premature infants is often treated
because of its effect on pulmonary
disease and the later development of
bronchopulmonary dysplasia. This view
has now been challenged.

Materials and methods. Relevant
publications have been selected from
review articles in international jour-
nals, mainly through searches in the
PubMed and Cochrane databases.

Results. Recent research indicates that
a persistent ductus arteriosus should
be considered physiological in small
premature infants, serving as a useful
shunt allowing blood to flow from right
to left during the first postnatal days
when pulmonary arterial pressure is
high, and from left to right in cases
where significant pulmonary disease

is present and increased pulmonary
blood flow would improve oxygenation.
A patent ductus arteriosus does not
exacerbate acute pulmonary disease or
increase the risk of bronchopulmonary
dysplasia, intraventricular haemor-
rhage, necrotising enterocolitis or
other complications in survivors.

Interpretation. Treatment of a patent
ductus arteriosus with COX inhibitors
like indomethacin and ibuprofen
increases the risk of bronchopulmo-
nary dysplasia without reducing other
complications or preventing death.

A large patent ductus arteriosus has
significant haemodynamic effects and
should be treated with fluid restriction,
diuretics and inotropic drugs before
closure is considered. Surgical closure
of a patent ductus arteriosus has been
linked to neurosensory impairment in
survivors.
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In foetal life, the ductus arteriosus connects
the pulmonary artery to the aorta. At birth
the ductus contracts and is functionally clo-
sed within a few days. Closure of the ductus
is a result of several mechanisms, the most
important being the increase in blood oxy-
gen tension at birth and reduction in blood
levels of the prostaglandins PGE1, PGE2
and PGI1 (1). Usually the ductus obliterates
permanently within a few months but it may
stay open for up to a year after birth.

In infants born prematurely ductal closure
is often delayed compared to infants born at
term. This condition is called patent ductus
arteriosus (PDA). Delayed closure is partly
due to immaturity of ductal wall muscula-
ture and partly to clinical conditions which
prevent the normal rise in arterial oxygen
concentration at birth. The incidence of
PDA is therefore inversely related to gesta-
tional age and is seen more often in infants
with respiratory distress syndrome or other
diseases resulting in problems with adequate
oxygenation after birth. Other conditions
such as phototherapy for hyperbilirubin-
aemia and overhydration during the first few
days of life have also been associated with
PDA (2). In infants with a birth weight of
less than 1 000 grams, the incidence of PDA
is approximately 50 %.

In recent years there has been a significant
change in views regarding the clinical sig-
nificance of a PDA. From being a condition
considered a severe complication to prema-
turity, PDA is now considered by many
experts to be a partly physiological condi-
tion which rarely needs treatment. This view
is supported by many recent studies indica-
ting that the side effects and results of treat-
ment might be more harmful to the infant
than the PDA itself (3—6). This review
article discusses the studies behind this shift
in paradigm.

Materials and methods

This is a non-systematic review. Relevant
publications in international journals with
peer review have mainly been identified
through searching in the PubMed and Coch-
rane databases.

Pathophysiological significance

of PDA

In foetal life the ductus shunts blood from
the pulmonary artery (right) to the aorta
(left) because of the high vascular resistance
in the lungs. After birth the bloodstream in a
PDA will be from left (aorta) to right (pul-
monary artery), since the vascular resistance
is higher in the systemic than in the pulmo-
nary circulation. In newborns, however, vas-
cular resistance in the lungs continues to be
quite high for the first postnatal days, and is
often comparable to vascular resistance in
the systemic circulation (7). A bidirectional
shunt in the ductus is therefore common
during the first few days of life. This might
result in reduced arterial oxygenation during
episodes of crying and unrest in otherwise
healthy newborns. The left-to-right shunt in
a PDA will first become clinically signifi-
cant when pulmonary vascular resistance
has been considerably reduced. In term in-
fants this might take several weeks.

Clinical presentation of PDA

In premature infants, the haemodynamic
consequences of a PDA can usually be seen
already a few days after birth. This is mainly
attributable to a more rapid fall in pulmo-
nary vascular resistance in premature than in
term infants. Furthermore, premature infants
have less developed compensatory mechan-
isms as they are less able to increase sys-

Main message

m A patent ductus arteriosus does not
exacerbate lung disease and does not
increase the incidence of other compli-
cations of prematurity.

m Prophylactic or early treatment of
a patent ductus arteriosus seems to be
more harmful than the consequences
of the PDA as such.

m Surgical closure of a patent ductus
arteriosus in a small premature infant
is associated with neurosensory
impairment.



temic cardiac output by increasing stroke
volume and heart rate. This capability is
even more reduced in sick infants, such as
infants with significant lung disease (8). Left
heart cardiac failure with dilation of the left
atrium and ventricle and pulmonary conges-
tion is therefore seen earlier in premature
infants.

The presence of a PDA has been seen as
one of the most important risk factors for a
number of complications to prematurity. If
an infant with a PDA is not able to increase
cardiac output to compensate for the blood
shunted across the ductus, reversed flow
might be seen in the aorta (ductal steal). This
will result in reduced blood flow to several
organs including the brain, kidney and intes-
tines (9, 10). The presence of a PDA has
therefore been seen as a cause of brain dam-
age (both intraventricular haemorrhage and
periventricular leukomalacia) resulting in
cerebral palsy, necrotising enterocolitis and
increased mortality. More specifically, a
PDA has been related to an increased need
for mechanical ventilation and thus identi-
fied as a major risk factor for development
of bronchopulmonary dysplasia (BPD).

It is difficult to evaluate the haemodyna-
mic significance of a PDA only from clinical
variables such as the character of the heart
murmur, pulse pressure, blood pressure and
other clinical signs. In most cases, treatment
indications are therefore considered from an
evaluation of clinical signs together with
echocardiographic and radiological find-
ings.

Effects of PDA on lung function

A haemodynamically significant PDA is
often associated with deterioration of an
infant’s clinical situation, such as an increa-
sed need for oxygen supplementation and
ventilator support. However, it has been
shown that this effect on the infant is related

more to the infant’s ability to compensate for
the left-to-right shunt by increasing cardiac
output than to the actual shunt size (8). The
clinical picture of a very sick infant can
therefore be considerably worsened by a
relatively small shunt, while a large shunt in
an otherwise healthy infant need not have
any effect other that those related to an in-
crease in cardiac output.

These clinical studies are also supported
by experimental studies on newborn lambs
(10). By preparing the duct with formal-
dehyde it was possible to establish a PDA
and vary the shunt size. It was found that
although blood flow to the lungs increased
with shunt size, this was not associated with
any changes in ventilator parameters such as
compliance or resistance.

There are, however, few clinical studies
published on the effect of a PDA on lung
mechanics, and most studies have related to
therapeutic closure of the duct (12-15).
Most studies find no or small changes in
lung mechanics after closure of a PDA. The
observed worsening of the clinical situation
of infants with a PDA is therefore probably
due more to effects on the systemic circula-
tion than to pulmonary effects. A PDA may
also influence gas exchange in the lungs by
reducing gas diffusion, changes which will
not result in altered lung mechanics.

Cardiovascular effects of PDA

The most important effects of a PDA are
those related to the systemic circulation.
Animal studies have shown an increase in
systolic and decrease in diastolic blood pres-
sure as well as an increase in stroke volume
and minute volume with increasing shunts
(10), similar to what is found in echocardio-
graphic studies of premature infants (8).
With large shunts, aortic diastolic blood
flow will be significantly reduced and also
reversed if cardiac output can no longer

compensate for shunt blood volume. It is
therefore relevant to measure cardiac output
in infants with a PDA. However, it is found
to be very difficult to measure blood flow at
the aortic valve or in the aorta routinely by
means of echocardiography in a clinical
setting, and cardiac output is therefore rarely
measured in infants with a PDA. However, it
has been shown that blood flow in the super-
ior vena cava is a good substitute for cardiac
output and also easier to measure (16, 17).
The results of such measurements should
probably be a major variable in the evalu-
ation of treatment indications for PDA.

Treatment of premature infants

with PDA

Until recently a PDA has been regarded as a
condition needing as early and effective
treatment as possible. Prophylactic treat-
ment of PDA has also been recommended
for the most premature and sickest infants
(18). Treatment is either surgical closure by
means of a left-side thoracotomy or pharma-
cological, using COX inhibitors such as in-
domethacin or ibuprofen (19). Meta-analy-
ses have shown that there are no significant
differences in successful ductal closure
using indomethacin or ibuprofen (20), long
or short treatment courses (21) or surgical or
pharmacological treatment with regard to
the final outcome for the infant (19).
Furthermore, side effects do not seem to dif-
fer significantly for the various treatment
strategies, except that surgical closure rarely
affects kidney function, whereas this is com-
monly seen in infants treated with COX
inhibitors, particularly indomethacin.

Few studies have documented the native
course of a PDA in premature infants. A stu-
dy from 1978 followed premature infants
with a birthweight of <1500 grams and
respiratory distress syndrome who de-
veloped heart failure because of a PDA (22).

Table 1. Frequencies of patent ductus arteriosus (PDA) in premature infants with gestational age 22-30 weeks. Mortality and bronchopulmonary
dysplasia (BPD) frequencies are shown for infants with and without PDA as well as for different treatment strategies (only indomethacin, only sur-
gery, indomethacin followed by surgery, or fluid restriction only). Infants who died within the first two postnatal days and infants who did not need
mechanical ventilation at 24 hours postnatal age are not included. Data extracted from the Norwegian Extreme Prematurity Study (23).

Whole cohort

Treated for PDA
Only indomethacin
Only surgery
Indomethacin and surgery
Total
Only fluid restriction

Not treated for PDA3
Asymptomatic PDA

No signs or symptoms of PDA

"p <0.01vs infants not treated for PDA
2Three infants who died also had BPD
3 Data not available for 12 infants

GA Patients Died (%)
22-30 272 36 (13.2)
24-29 24
22-27 30
23-27 10

b4 5(7.8)
23-29 18 4(22.2)
22-30 178 26 (14.6)
24-28 37 5(13.5)
22-30 141 21(14.9)

BPD (%) Died/BPD (%)
130 (47.8) 158 (58.1)
44.(68.8)! 46 (71.9)12
10 (55.6) 12 (66.7)
72 (40.4) 96 (53.9)
12 (32.4) 17 (45.9)
60 (42.6) 79 (56.0)



These infants were treated pharmacological-
ly for heart failure and the ductus finally
closed in most of them. Infants with a PDA
needed mechanical ventilation significantly
longer than infants without a PDA and also
had a slightly but not significantly higher
mortality.

Table 1 shows the incidence of and treat-
ment of PDA in a cohort of extremely small
premature infants, data taken from the Nor-
wegian Extreme Prematurity Study (23).
The mortality and incidence of BPD is
shown in relation to the different treatment
strategies. As shown, surgical closure of
PDA was more common in the most prema-
ture infants, 15/17 infants with a gestational
age of <24 weeks had their PDA surgically
ligated. Furthermore, BPD was more
common in infants treated for PDA than in
untreated infants and in infants without
PDA. However, BPD was also equally com-
mon in infants without a diagnosis of PDA
as in infants with an asymptomatic PDA.

Recent views on PDA

Most studies of the clinical significance of
PDA have failed to show any significant
relationship between the presence of and
treatment for a PDA and final outcome in
terms of mortality and morbidity. Even
prophylactic (within 24 hours of birth) sur-
gical closure of PDA in infants with birth
weight <1 000 grams showed no differen-
ces in mortality, BPD, retinopathy of
prematurity or intraventricular haemorrhage
compared to infants who had their PDA liga-
ted when a haemodynamically significant
PDA was diagnosed later (24). Nor did a stu-
dy comparing prophylactic treatment with
indomethacin to placebo at 12 hours find
any significant difference in the duration of
oxygen supplementation or mechanical
ventilation, BPD, septicaemia, necrotising
enterocolitis, retinopathy of prematurity or
mortality, although infants who were given
indomethacin had a significantly lower
incidence of PDA (25). However, treated
infants had significantly less intraventricular
hemorrhage. It has since been shown that
this is due to the direct effect of indometha-
cin on cerebral vasculature, and is not rela-
ted to ductal closure (26).

It is particularly the results of the large
TIPP study (Trial of Indomethacin Prophy-
laxis in Preterm Infants) which have almost
resulted in a paradigm shift in the view on
the significance of a PDA in premature
infants (27-29). Many now believe that the
presence of a PDA has a very modest patho-
physiological impact on the premature in-
fant, and treatment should therefore be indi-
cated for very few infants (3—6). It is now
emphasized that a PDA in a premature infant
is a physiological condition which allows
shunting between the left and the right circu-
lation, from right to left during the first few
postnatal days when pulmonary vascular
resistance is high, and from left to right in

cases of severe lung disease when an in-
crease in pulmonary blood flow could be
beneficial. In two commentary articles in the
Journal of Pediatrics it is emphasized that
the consequences of treatment for PDA
(pharmacological side effects and surgery)
might be more harmful to the infant than the
presence of a PDA itself (5, 6). In the fol-
lowing the studies leading to this shift in
paradigm will be discussed.

In the first report from the TIPP study it
was found that prophylactic treatment of a
PDA had no effect on mortality or neuro-
sensory development at 18 months of age,
although the presence of PDA was reduced
by more than 50 % (24 % versus 50 %) in
treated infants compared to controls (27).
The next report showed that there were no
differences between the groups in BPD (28).
Furthermore, while BPD was seen in 30 %
of infants with PDA who had received pla-
cebo, it was significantly more frequent
(43 %) in infants who were treated with in-
domethacin and later still developed PDA. It
was suggested that this could be related to
early fluid retention caused by indometha-
cin, a COX inhibitor that affects kidney
function. It has previously been shown that
premature infants with a relatively greater
postnatal weight loss due to reduction of
extracellular fluid space have less tendency
to develop BPD than infants with less
weight loss (2). It was therefore suggested
that the increase in BPD after treatment with
indomethacin could be attributed to increa-
sed extracellular fluid also in the lungs,
which would give rise to a need for increa-
sed pressure and oxygen during mechanical
ventilation.

In the last report from the TIPP study it
was found that surgical closure of a PDA
reduced mortality to almost a significant
extent. However, neurosensory impairment
was also significantly increased by 18
months of age, as were retinopathy of pre-
maturity and BPD (29). These findings are
also supported by others (30). Furthermore it
has been shown that there is a general asso-
ciation between (any) surgery in the neo-
natal period and neurosensory impairment at
five years of age (31), indicating that surgery
(and anesthesia) might be independent risk
factors in very low birth weight infants.

Conclusions

There seem to be convincing data to conclu-
de that there is no indication for prophylactic
or early treatment of a PDA in a small pre-
mature infant, even if the infant needs mech-
anical ventilation because of respiratory dis-
tress syndrome. Furthermore, there is no
evidence that a haemodynamically signifi-
cant PDA contributes in any way to later
complications and final outcome. A PDA
does not impair pulmonary function and
does not increase the incidence of BPD. In
most cases, a PDA will eventually close
spontaneously without treatment. Infants

with a PDA who develop heart failure
should therefore primarily be treated accor-
dingly, with fluid restriction, diuretics and
inotropic drugs. Surgical closure of PDAs
should be avoided.

The shift in paradigm with respect to how
to treat premature infants with PDA has re-
sulted in increased acknowledgement of the
fact that evidence-based data on these mat-
ters are largely lacking, even when it comes
to infants with a large shunt and failure to
sustain cardiac output with reduced or even
reversed aortic blood flow (3-5). The last
report from the TIPP study might indicate
that surgical closure could be of value for the
survival of such infants, even though sur-
gery seems to increase neurosensory impair-
ment (28). As pointed out by others (5), this
should probably be evaluated in a random-
ised study of the sickest and smallest infants,
comparing surgical closure to placebo (5).
Although it could be argued that such a stu-
dy would be unethical in relation to the well
established tradition of active treatment of a
significant PDA, it could also be argued that
it would be unethical not to conduct such a
study (5). In our view, measurement of car-
diac output should be an important variable
in such a study.
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